Abstract-This paper investigates the role of parking lots in improving the reliability of renewable-based distribution systems, through provision of vehicle-to-grid (V2G) programs during outage events. In this regard, municipal parking decks are viewed as distributed energy storage systems and the amount of available energy from these units in random contingency events is probabilistically modeled for reliability studies. Appropriate stochastic models are also introduced to capture the volatility and intermittency of renewable sources. Moreover, it is discussed that how the adopted outage management scheme (OMS) in contingency events can affect the reliability level of customers. In response, several OMSs on the basis of bankruptcy problem are proposed to fairly distribute the available resources among different microgrids/sections, once a failure occurs in the system. Subsequently, a general framework based on the non-sequential Monte Carlo simulation method is developed to evaluate different customers and system reliability indices in presence of emergency V2G programs. The effectiveness of the proposed framework is validated through implementation on a test system and several case studies are presented. The results suggest that realization of V2G programs offered by EV parking lots, accompanied by an appropriate OMS, can significantly enhance the reliability of supply in modern distribution networks.
NOMENCLATURE

Indices and Sets
i, N EV Index and number of EVs in parking lot. j, N S
Index and number of charging scenarios. k, N Index and number of microgrids/sections.
t, T
Index and set of charging period timeslots. 
Parameters and Constants
Abbreviations and Acronyms ch, dch
Charge and discharge. min, max Minimum and maximum.
I. INTRODUCTION
M
ODEERN societies highly depend on secure sources to supply their energy demand. While increased awareness about global warming and climate change calls for a revolution in the ways that electric energy is generated and delivered, growing rate of energy consumption and aging infrastructure of current power networks have raised the concerns about security, reliability and quality of power supply. In response, the concept of smart grid was introduced and it has been perceived as a viable solution to deal with these challenges.
Under the paradigm of smart grid, more renewable energy sources (RESs) such as wind turbine generators (WTG) and photovoltaic (PV) panels will be present in distribution systems. Considering the volatility and intermittency of these sources, energy storage systems (ESSs) are usually deployed, in order to gain the most benefits from RESs and guarantee the security of supply in distribution networks with high penetration levels of renewables [1] . In this context, various technologies such as batteries, flywheels and supercapacitors are currently utilized in different system designs [2] .
On the other hand, development of electric vehicles (EVs) with bidirectional power transfer capability, i.e. grid-to-vehicle (G2V) and vehicle-to-grid (V2G) has caused a new paradigm shift in the area of electricity storage. The V2G capability of EVs if joined with smart grid facilities, can provide new opportunities for power system operators in facing with issues such as reactive power support, active power regulation, and peak load shaving [3] - [5] .
Generally, EV users can charge their vehicles at home or public parking lots. At homes, EVs are usually charged with low charging currents. By contrast, at public parking decks, they can be charged more rapidly via fast chargers [6] . Moreover, these entities can effectively play the role of EVs fleet aggregators. This would lead to significant savings in the required investments for electrical and data communication infrastructures and facilitate the coordinated management of EVs. Therefore, municipal parking decks have been considered as proper candidates for providing the required charging/discharging services to electric vehicles [7] .
There are usually a large number of EVs available in a parking deck at any time. In this context, a remarkable amount of power can be injected from the batteries of EVs parked in parking decks into the grid during emergency conditions. This would lead to a significant improvement in the reliability level of distribution systems especially in presence of RESs.
Despite numerous technical and financial studies on the role of V2G programs in modern power systems, the research works focusing on reliability impacts of aggregated EVs fleet are limited. In this context, the authors in [8] , [9] proposed a simulationbased approach to assess the reliability impacts of V2G-capable EVs under battery exchange (BE) mode. The adequacy studies of generation and distribution systems in presence of EVs fleet is also studied in [10] - [12] . However, careful review of the prior works reveals that they have not focused on the interactions between RESs and EVs fleet in their studies and a comprehensive and systematic investigation on the reliability benefits of V2G programs of parking lots in renewable-based distribution networks is lacking. This topic the main focus of this paper.
Before involving the V2G capability of parking decks in reliability studies, it is necessary to model the random charging behavior of EV users. In the next step, the probabilistic model of EVs available energy at different times should be derived. This model should identify different driving behaviors of EV users, plugging and departure times of vehicles, specifications of the EV batteries as well as the operating policy of V2G programs. Moreover, the volatility and intermittency of RESs' available power and variability of demand should be represented through appropriate probabilistic models.
Due to non-uniform temporal pattern of EV users charging habits, the number of vehicles as well as the energy stored in the EV batteries would not be uniform during the period of studies. On the other hand, generated power of RESs and system load do not follow a uniform pattern either. Therefore, the proposed reliability assessment method should capture the temporal correlations among the load, RESs' generation and available energy of parking lots.
When modeling V2G-enabled parking lots as storage units, it should be noticed that they are energy-limited resources, and the adopted discharging strategy would significantly affect their contribution to the reliability [13] . This fact can be represented in the reliability studies as the outage management schemes (OMS) adopted by distribution system operators (DSO). In this context, pre-determined rules are adopted to distribute the available power among different customers during system outages. In the reliability studies, this fact is usually represented via priority orders [14] , [15] . However, in many distribution systems (such as the residential ones), all the loads are of the same type and setting priorities may be unfair and impractical. In response, three load restoration rules are proposed in this paper, based on the bankruptcy problem [16] , [17] to fairly distribute the available power among different customers. On these bases, the main contributions of this paper can be listed as follows:
1) Random charging habits of EV users in parking lots are simulated based on the realistic data extracted from National Home Traveling Survey (NHTS) [18] . 2) A probabilistic model is developed to quantify the available energy of parking lots at different times, considering the adopted charging strategies and capturing the randomness of EVs charging patterns. 3) Volatility and intermittency of RESs available power and variability of demand are represented through appropriate probabilistic models. 4) The impacts of outage management scheme on distribution system reliability are explored and three rules are proposed based on the bankruptcy problem, to fairly distribute the available resources among different customers. 5) A reliability assessment framework based on the nonsequential Monte Carlo simulation (MCS) method is developed to evaluate different customer and system reliability indices. The proposed method addresses all the pertinent uncertainties of modern distribution systems and captures the temporal correlations between demand level and available power of different resources. 6) Extensive case studies are presented to identify the factors affecting the contribution of parking lots to reliability of distribution systems integrated with renewable generation. This paper is organized as follows: Modeling procedure of parking lots along with distributed energy resources (DERs) and system load are introduced in Section II. Outage management schemes are presented in Section III. The reliability evaluation framework is introduced in Section IV. Case studies are presented in Section V, followed by conclusions in Section VI.
II. MODELING PROCEDURE OF SYSTEM COMPONENTS
A. Stochastic Modeling of Parking Lots as Distributed Energy Storage Systems
In order to obtain the probabilistic model of available energy associated with EVs in a parking lot, in the first step, the charging behavior of EVs must be modeled. Charge scheduling of a V2G-capable EV can be formulated as the following mixed integer linear programming (MILP) problem: 
The first and second terms in (1) respectively represent the cost of electricity for battery charging and the reward paid to EV users for power discharge according to feed-in-tariff policy [10] . These terms are multiplied by timeslot duration (e.g. one hour) and summed over the entire charging period T = [t b , t e ] to give the total charging cost. Allowable charging and discharging power limits are respectively specified in (2) and (3). Constraint (4) corresponds to allowable operational state-of-charge (SOC) limits. Simultaneous charging and discharging is avoided in (5) and the relationship between charging/discharging power and battery SOC is modelled in (6) . Finally, the state of charge at the beginning of charging period and the desired value of SOC after completion of charging process are specified in (7) and (8), respectively. As a note, E des is set to 100% SOC in this paper. It should be noted that presented formulation is general and it can be readily applied to unidirectional charging. In doing so, it is sufficient to set P dch , m ax to zero. Knowing the parking interval and initial SOC, the profile of EV available energy during charging period can be obtained from (1)- (8) . Outside this period, the EV is not present and thus its associated available energy would be zero. Therefore, in the context of modeling a parking lot as a back-up source in reliability studies, it is essential to appropriately address the inherent randomness in charging intervals and initial SOC of EVs at the parking lot.
The pertinent data associated with charging intervals of EVs in parking decks can be collected through surveys. In this paper, these data are extracted from the NHTS [18] . This database includes interesting data on the starting and ending times of daily travels, which can be respectively regarded as the ending and beginning times of charging periods at the parking deck. The extracted probabilistic distribution of parking scenarios in terms of durations and starting times is illustrated in Fig. 1 . The uncertainties associated with the initial SOC level is modeled using an appropriate distribution which is itemized in Table I . Combining the possible scenarios of parking intervals and initial SOCs, the probability of each charging scenario (π j ) is calculated. In the next step, the profiles of EV available energy associated with different charging scenario is obtained by solving the optimization problem specified in (1)- (8), as shown in Fig. 2 .
Assuming that such a database is extracted for all the commercially available EV types, the total energy that a parking lot can deliver once a contingency occurs at an arbitrary timeslot t is calculated following these steps:
Step 1: Based on the capacity of parking lot and considering the market share of different commercially available EV types, the number of each EV type in the parking lot is estimated.
Step 2: For each EV i, based on the associated database and using random sampling method, the amount of available energy at timeslot t (Ei, t) is determined. In doing so, possible values of SOC in different charging scenarios as well as the associated probabilities are collected, as depicted in Fig. 2 . Subsequently, the NS values of SOC are ranked and the associated probability mass function (PMF) and cumulative mass function (CMF) are obtained. Then a random number within the range [0,1] with uniform distribution (π s ) is generated and compared to the obtained CMF to randomly determine the SOC of EV, as shown in Fig.  3 . Note that in this figure, EV's energy at jth charging scenario is the outcome of the sampling process.
Step 3: Since batteries are energy-limited sources, the impact of discharging power (Pdch, max) should also be considered when calculating the maximum energy it can deliver during the next time interval [t, t + Δt], as follows:
As a result, the total available and dischargeable energy of the parking lot can be obtained as follows, where NEV is the number of EVs participating in the emergency V2G program:
Following these steps, the uncertainties in the available energy of parking decks can be modeled. In Section IV, application of this model within the developed reliability evaluation framework will be demonstrated.
B. Stochastic Modeling of Conventional and Renewable DG Units
Distributed generation (DG) sources are the main constituents of active distribution networks. In reliability studies, DG units are usually modeled using forced outage rate (FOR) [13] . In doing so, a DG unit will be out of service with a probability equal to the value of FOR and its status can be determined via random sampling method [19] . For conventional DG units such as diesel generators, it is assumed that when in service, they can deliver the rated power to the system. However, this is not the case for RESs and a suitable model must be adopted to capture the uncertainties of the output power.
Numerous modeling techniques have been proposed in the literature for integration of renewable resources into the system reliability studies. Some of these techniques only focus on the variation of RESs output power [20] , while others involve more details such as ambient parameters and convertor conditions into the modeling procedure [21] , [22] . The existing models provide different levels of accuracy, and the appropriate modeling technique can be chosen based on the application at hand, as well as the computational burden of reliability assessment method.
In this paper, the uncertainties of RESs are involved into the studies as different scenarios [23] , where each scenario represents an output power profile and the associated probability of occurrence. According to this method, numerous scenarios for RESs should be identified. This can be achieved via collection of actual historical data. Another way is to generate the scenarios using the probability distributions fitted to the actual data [24] .
Although the accuracy of model improves by increasing the number of scenarios, the large number of scenarios is impeding in the proposed reliability evaluation method. Hence, after generation of a large number of scenarios, a suitable scenario reduction technique must be deployed to reduce the number of available scenarios to a tractable set. In this paper, RESs outputpower scenarios are created on the basis of historical data and a well-known algorithm called backward reduction technique is used for scenario reduction [23] . Using this method, the inherent temporal correlations among different RESs as well as load are automatically addressed.
C. Stochastic Modeling of System Load Profile
The load forecasting errors usually follow a normal distribution with the forecasted value as mean and a standard deviation proportional to the load value [13] . Therefore, the same procedure for RESs is deployed for stochastic modeling of load profiles, except that in this case, the initial set of load profiles has been created based on the historical data of hourly load profiles along with the normal distribution [24] .
III. OUTAGE MANAGEMENT SCHEMES
Implementation of advanced distribution automation and protection schemes is a salient characteristic of modern distribution networks, which can significantly enhance the reliability of supply in face of different contingencies [15] . It allows the system operators to isolate the faulted sections and restore the rest of the system as quickly as possible. Moreover, islanded operation of relatively small portions of distribution network integrated with DERs (microgrids) can further improve the overall reliability, as they are able to supply the local load autonomously during upstream faults [14] , [20] .
In order to better illustrate this concept, consider the sample system presented in Fig. 4 . In this system, upon occurrence of a contingency event, a microgrid/section will experience one of the following situations:
1) Disconnection of all the customers is inevitable. This happens for the microgrid/section within which the fault has occurred. In this situation, assuming there is no further sectionalizing equipment in the microgrid/section, all the loads are interrupted for the whole outage duration. 2) It may be possible to import power from main grid. In this case, as we assume that main grid is able to supply the entire distribution system load [20] , the customers within this microgrid/section will experience no interruptions. Referring to Fig. 4 , for any contingency in microgrids/sections 2 through 4, section 1 can still import the required power from the upstream network. 3) It may be possible to isolate a portion of system and form an island to continue supplying loads. In this case, multiple microgrids/sections may form a larger island and based on the predetermined load restoration rule, share the available generation and storage resources. In Fig. 4 , occurring any contingency in section 1, the other sections/microgrids can switch to islanded mode. Considering the topology of network, section 2 and microgrid 3 may form a larger island and cooperatively supply their loads. Another example, is when the entire distribution system is forced to isolate itself from the main grid. In this case, the microgrids/sections may either operate autonomously or form a single island in order to enhance the security of supply in the whole system. Note that in case there are extra switching devices within a microgrid/section, the delineated classification will be still true for the associated subsections [20] .
The load restoration rules mentioned above may be implemented in various forms such as priority orders [14] , [15] , or electrical distance [21] . In this paper, this issue has been approached using the bankruptcy problem. The bankruptcy problem deals with dividing an insufficient resource among the claimants and is used in economics, finance, and engineering areas. To solve this problems, various methods such as division rules and cooperative game theories have been studied [16] , [17] . In the context of distribution systems, in many islanding situations (classified under category c), the available power from DG units and/or storage systems is not sufficient for supplying the entire load of the formed multi-microgrid/section island. Therefore, the associated load shedding problem can be viewed as a bankruptcy problem. In this paper, three division rules, namely the constrained equal awards (CEA), the constrained equal loss (CEL), and the proportional (PR) rules are investigated [17] .
Assume there are N microgrids/sections, and available power of kth microgrid/section from generation/storage units is G k , while the associated load is L k . In addition, the total available power is not sufficient to satisfy the entire load. According to different division rules, the power allocated to each microgrid/section will be calculated as follows:
where the above equations determine the allocated energy based on CEA, CEL and PR rules, respectively. It should be emphasized that in order to determine the value of λ in each case, the second equation should be solved.
IV. RELIABILITY EVALUATION FRAMEWORK
In this section, the proposed reliability evaluation framework is delineated. The main assumptions considered in this paper for reliability studies are as follows:
1) The distribution feeder is radially operated [15] .
2) A fault is repaired before a subsequent one occurs [20] .
3) Protective devices are assumed to be fully reliable [14] .
4) The protective devices closest to the fault, trip first [20] .
5) The parking lot has the lowest priority in supplying the unsatisfied load. This assumption does not restrict the generality of the proposed method and may be altered. However, it is reasonable to use the stored energy in batteries, as seldom as possible, in order to cause less inconvenience for the EV users. 6) The EVs will not be charged during an outage. This assumption again does not restrict the applicability of the method. The evaluation method could be readily modified by assuming a portion of EVs as storage units and the rest as loads. The developed reliability evaluation framework on the basis of non-sequential Monte Carlo simulation method is shown in Fig. 5 . Before the initialization of the procedure, the required data must be collected. These include the reliability data of components, generation scenarios of DERs and parking lot specifications. Then the following steps must be taken:
Stage 0) Generating a Random Contingency Event: This means that occurrence time, location and outage duration of a possible contingency event are randomly generated based on the system reliability data [19] .
Stage I) Contingency initialization: In this stage, the status of each microgrid/section should be determined based on the discussion presented in the Section III. Subsequently, operating status of all DG units within the isolated microgrids/sections is randomly sampled. As mentioned before, for the RESs in service, the output power scenarios are determined via random sampling method. The same procedure should be repeated for picking the system load profile during the outage. Moreover, if the parking lot is located within the islanded portion of the system, SOCs of all the EVs participating in the emergency V2G program should be randomly specified, according to the stochastic energy modeling procedure explained in Section II. Note that the initialization stage is not necessary for the microgrids/sections classified under category 'a' or 'b' in Section III, and they may be overlooked for reducing the computational burden of the studies.
Stage II) Contingency Analysis: in this stage, the adopted OMS will be implemented during the outage event and contribution of the contingency to the microgrids/sections and system reliability indices is recorded. The microgrids may either act autonomously during the event or share the resources with other microgrids/sections according to one of the rules proposed in the Section III. The simulation includes these steps:
Step 1: Read and aggregate the amounts of load and generation of DERs for the formed islands. As a note, based on the outage management scheme, each island may be comprised of single or multiple microgrids/sections. Then Implement the outage management scheme and determine the unsatisfied load for each microgrid/island.
Step 2: In case there are still unsatisfied loads within the islands, calculate the contribution of parking lot in reducing the amount of unserved load. If the amount of E dch,max t is lower than the unsatisfied demand (L t .Δt) in the associated island, all the available EVs will be discharged and the associated energy is assigned to different microgrids/sections according to the adopted OMS. Otherwise, all the loads will be satisfied in that timeslot. In either case, the unused energy will be recorded as the available energy of parking for the next time slot:
Step 3: Check whether the whole outage duration is analyzed. If yes, go to the next step; otherwise, increment the time slot and move to step 1.
Step 4: Once the simulation completes, record the contribution of the analyzed contingency to reliability indices. For microgrids/sections within the formed islands, steps 1 through 4 mentioned above must be followed. In contrast, for the microgrids/sections operating under category 'b', no interruption is recorded, while as for the ones under 'a', the entire load will be interrupted for the whole outage duration. Once stages I and II have been completed for the contingency event, the convergence criteria should be checked. It usually demands that coefficient of variation for the calculated indices be smaller than a pre-specified value [19] . This process of generation and analysis of random contingency events must be iterated until the convergence criteria are met. In this paper, we have focused on the commonly used distribution system reliability indices of average energy not supplied (AENS) and system average interruption duration index (SAIDI) [13] .
V. CASE STUDIES
In this section, several case studies are performed, wherein the numerical results are presented and discussed.
A. System Under Study and the Main Assumptions
The proposed approach is implemented on the modified IEEE 34-node test system [25] whose single line diagram is depicted in Fig. 6 . This feeder comprises of three sections and has been modified by addition of five DERs. Annual peak load of the system is 434 kW. Historical data of RESs generation profiles are adopted from [26] . The other data pertinent to DERs are summarized in Table II .
The reliability data of DERs is set according to [27] , and the feeder components data are adopted from [28] . Moreover, a parking lot with maximum capacity of 300 EVs is considered in section 3. The electric fleet data and the electricity tariff are based on the assumptions introduced in [29] . In order to carefully investigate different aspects of the proposed method, various cases are defined. It should be noted that in the following cases, RPR represents the ratio of renewable sources to the total installed capacity of DERs. Furthermore, the participation ratio denotes the number of EVs participating in V2G programs discussed in this paper divided by the maximum capacity of the parking lot: 1) Case I: Original test system without DERs or parking lot.
2) Case II: Original test system including DERs as specified in Table II , without V2G program of parking lot. 3) Case III: The same as Case II, with addition of a parking lot with EVs participation ratio of 10% (30 EVs participating in emergency V2G program). 4) Case IV: The same as Case III, except that the entire installed capacity of DERs is assumed to be of diesel type (RPR = 0%). 5) Case V: The same as Case III, except that RPR = 50%. 6) Case VI: The same as Case III, with a 100% RPR.
B. Results and Analysis
The system reliability indices are calculated using the proposed method and the results are summarized in Table III . From comparison of Case I with the other cases, it is evident that integration of DERs has significantly enhanced the reliability level of distribution feeder. Furthermore, Case III confirms that substantial improvement can be expected, when the municipal parking deck participates in the outage management through provision of emergency V2G programs, even at low participation ratios.
The role of renewable-based DERs has been examined in Cases IV-VI. It can be observed that as their penetration level increases, the associated reliability benefits would decline. This is due to the intermittency and volatility of RESs output-power compared to conventional units, as demonstrated in Case IV. In order to further analyze this fact, contributions of different months to the calculated reliability indices in Case III are illustrated in Fig. 7 . The observed fluctuation can be related to variability of renewable generation at different months of the year. It is interesting to note that the fluctuation in AENS values is higher than that of the SAIDI. In other words, as expected, the outage duration is almost the same throughout the year, while the mean interrupted load depends on the demand level as well as the output-power of DERs, and therefore varies widely from month to month. These results were obtained assuming the coordination among sections during outage events. The studies of Case III are repeated considering various OMSs discussed in Section IV, and the results are summarized in Table IV , in which AOM signifies autonomous outage management. It can be seen that implementation of any type of coordinated OMS can substantially improve the overall reliability of the system, as mentioned before. In addition, comparing different OMSs, for the case of CEA, the focus is on equal division of available power among the sections, while as for the CEL, the goal is to distribute the interruptions as equally as possible. The proportional rule can be interpreted as a combination of the two, where both available energy and curtailments are equally distributed among the sections, as can be traced in Table IV .
C. Sensitivity Analysis
In this part, the impacts of various parameters on the obtained results are investigated through several sensitivity analyses. As the first analysis, the impact of EVs participation ratio on the V2G program of parking lot is explored in are mainly renewable-based. In addition, since EVs cannot be helpful in all contingency events, increasing the participation ratio beyond 30% does not substantially affect the reliability level of the system. This fact is further analyzed in Table VI by changing the location of parking lot. The results suggest that due to radial configuration of the system, when parking lot is located in section 3, it can provide energy at more contingency events. In contrast, the presence of parking lot in section 1 is unable to significantly improve the reliability level.
The above results suggest that V2G programs of EV parking lots can significantly enhance the reliability level of distribution systems. However, it is worth noting that implementation of these programs would also accelerate EV batteries degradation due to more frequent charging/discharging cycles. Since battery accounts for a remarkable portion of total vehicle cost [30] , the wear cost incurred by EV owners in V2G applications should also be involved. The studies in this context, suggest that under present electricity tariffs, participating in normal V2G programs would not be cost-effective for many EV models [30] - [32] .
Nevertheless, it can be argued that this would not be the case for emergency V2G programs discussed in this paper. This is due to the fact that battery usage in this situation is limited to contingency events. Therefore, the EVs battery wear would not be significant. Moreover, since the estimated values for customer interruption cost are usually high [13] , utilities can offer higher incentives for emergency V2G programs, in order to improve the reliability of customers and thereby, minimize the total system costs.
Parking lots can assist the system as energy storage units. Therefore, it is quite expectable that EVs charging/discharging strategy during normal operation will affect their contribution in contingency events. In this regard, four different charging strategies are considered: controlled charging without V2G (S1), controlled charging with V2G (S2), uniform charging over the entire parking period (S3), and uncontrolled charging with the maximum charging power (S4). The impacts of these strategies on Case VI are documented in Table VII . The results confirm that implementation of V2G programs during normal operating conditions, can overshadow the contribution of parking lots as backup resources. The other strategies have surprisingly led to almost the same results. This observation can be justified through close examination of the mean energy profile of the parking lot, which is depicted in Fig. 8 . It can be observed that except for S2, all the other strategies provide fairly high amounts of energy in the morning and midnight hours, during which the demand level is not high. Hence, their contribution is restricted to almost the same value. From the above discussion, it can be argued that discharging power also would not substantially affect the contribution of parking lot in contingency events. This can be verified from Table VIII, wherein the study of Case VI is repeated for different discharging powers. It suggests that while low ratings would limit the contribution of parking lots, moderate charging levels are sufficient for this application and increment of rating beyond this value would not significantly affect the results.
It is interesting to compare the performance of parking lot V2G programs with that of a stationery large-scale battery storage system (BSS). In doing so, the parking lot in Case VI is replaced by a BSS with maximum capacity of 750 kWh and maximum discharging power of 187.5 kW. It is assumed that in normal conditions, the BSS is scheduled in such a way that system operation costs are minimized [33] . Mean available energy profile of the BSS is depicted in Fig. 8 . Note that as can be observed, the BSS capacity is equivalent to the maximum available energy of V2G programs. The reliability assessment in Case VI is repeated considering the BSS and the obtained values for AENS and SAIDI are 14.248 kWh/cust.yr and 7.990 hr/cust.yr, respectively. Considering the deterministic pattern of the BSS available energy compared to that of the parking lot, this result might seem surprising. However, this observation can be justified based on Fig. 9 , which shows normalized profiles of WTG and PV units' generation as well as demand.
Careful inspection of Figs. 8 and 9 reveals that during 6:00-16:00, the BSS has high amount of available energy, load demand is moderate and output power from WTG and PV units is high. In contrast, the BSS is gradually discharged after this period and as a result, it would not be able to provide high amounts of energy for the contingencies that occur during peak load conditions. Note that renewable generation is also low during this period. These facts restrict the reliability contribution of the BSS to almost the same value as that of the parking lot V2G program.
Finally, the correlation between available energy of parking lots and output-power of different RESs is examined. Referring to Fig. 8 , it can be clearly seen that WTG has a higher degree of positive correlation with available energy of the parking lot, compared to PV unit. Therefore, it can be concluded that increasing the penetration ratio of PV units would more significantly boost the reliability level of the system. This is verified through modification of Case VI, in which all DERs are changed to WTG. In this situation, AENS increases to 15.388, opposed to the case with 100% penetration of PV units, which results in a value of 14.624 for the AENS.
VI. CONCLUSION
In this paper, the impact of parking lots V2G programs on distribution system reliability were investigated. In this regard, municipal parking decks were modeled as distributed energy storage units and a novel framework based on the non-sequential Monte Carlo simulation method was introduced to quantify the potential contribution of parking lots to the reliability of such systems. The proposed framework was applied to a test system, various operating scenarios were defined and the numerical results validated the effectiveness of the proposed method. The obtained results confirmed that V2G programs provided by parking decks could efficiently play the role of ESSs during outages and the level of reliability improvement depends on the penetration rate of DERs as well as the associated technologies. Furthermore, it was shown that the inherent correlations between parking decks available energy and output-power of RESs may be used as an effective tool to reduce the risk of sustained interruption in such systems. Moreover, the role of OMS in modern distribution systems was explored and it was demonstrated that implementation of appropriate OMSs can considerably affect the abilities of V2G programs in these systems.
